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(57) Abstract 

The invention relates to a new chemical compound suitable for use as an explosive and consisting of guanylurea dinitramide having 
formula (I). The invention also concerns explosives, especially propellants, containing the compound; a pressed rocket motor charge 
containing the compound as the main component, and use of the compound as a gas-generating compound in gas generators for vehicle 
safety equipment such as airbags. 
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New Chemical Compound. Explosive Containing the Compound and Use of the 
Compound in Gas Generators 

The invention relates to a new compound suitable for use as an explosive. More 
5 specifically, the invention concerns a new dinitramide salt The salt can be used as 
a high explosive, propellant or gas-generating compound in gas generators in pure 
form or as a component in explosive compositions. 

The preparation of dinitramide salts such as ADN (ammonium dinitramide) and KDN 
10 (potassium dinitramide) is disclosed in, for instance, WO 91/19669, WO 91/19670, 
WO 93/16002 and WO 97/06099. These dinitramide salts are in the first place 
intended to be used as oxidisers, e.g. to replace ammonium perchlorate, in explo- 
sive compositions. The absence of chlorine is advantageous from the viewpoint of 
air pollution and in military applications owing to a decreased exhaust gas signa- 
ls ture. 

An object of the present invention is to provide a compound which is suitable as an 
explosive and which contains the dinitramide ion and has low solubility in water and 
low impact and friction sensitivity. 

20 

A further object of the invention is to provide a homogeneous propellant which con- 
tains the dinitramide ion and which has good pressing properties. 

One more object of the invention is to provide a compound which is suitable as a 
25 gas-generating compound in gas generators for vehicle safety equipment such as 
airbags. 

The invention is defined in the claims. 



30 According to the invention the compound consists of guanylurea dinitramide having 
the formula 

NH O 

i fl ee N °2 

35 H 2 N-ONH-C-NH 3 N ' 

V N0 2 



in the following referred to as GUDN. 
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The invention also concerns an explosive containing the compound; a propellant 
containing the compound; a pressed rocket motor charge containing the compound 
as the main component, and use of the compound as a gas-generating compound 
in gas generators for vehicles safety equipment such as airbags. 

GUDN is a white crystalline powder which has low solubility in water, has no melting 
point and has a decomposition temperature of about 180°C. The crystal size may 
vary according to the conditions of preparation. The powder is pressable and can 
be pressed to, for instance, propellant grains and rocket motor charges of different 
shape. The burning properties are favourable. The burning rate is high and linearly 
dependent on the pressure and the formed combustion gases are light. GUDN is 
highly insensitive to impact and friction. When testing the impact sensitivity in a 
BAM fall hammer with a fall weight of 2 kg, the compound was not initiated even if 
the fall height was increased to 2 m. For comparison, it may be mentioned that RDX 
at a corresponding fall weight is initiated at a fall height of 38 cm. The friction sensi- 
tivity could not be tested in a normal Julius Peter friction tester since the compound 
was not initiated within the capacity range of the tester (36 kp pistil load). 

GUDN can be made to detonate and then has a detonation velocity that can be 
compared to RDX. The compound can thus be used as a high explosive in pure 
form or as a component in explosive compositions. In many applications where 
explosives are used, binder systems and preparation methods have been devel- 
oped for explosives which are not water-soluble, such as HMX and RDX. GUDN 
can be used in such binder systems and preparation methods and replace previ- 
ously used explosives. 

GUDN can be used as a propellant alone or as a component in propellant composi- 
tions and can, in many applications, replace^ e.g. nitramine propellant, composite 
propellant and nitrocellulose propellant. The stability is better than for NC propellant 
and composite propellant and the burning rate is higher than for nitramine propel- 
lant. GUDN produces considerably lighter combustion gases than e.g. an NC pro- 
pellant, which is advantageous in projectile propellant charges when higher muzzle 
velocities are desired. This is the case, for instance, with shotgun ammunition when 
steel pellets are used instead of the considerably heavier lead pellets. Propellants 
based on GUDN can thus have great advantages in a number of applications in 
which NC propellants are currently predominant. 
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GUDN has suitable properties for use as a rocket propellant and, owing to the 
excellent pressing properties, pressed rocket motor charges can be prepared, con- 
taining GUDN as the main component. A small amount of binder, e.g. a polymer, 
5 can be used to increase the pressability and the strength of the compact, but for 
many applications, sufficient strength can be achieved without the addition of a 
binder. 

Especially for rockets such as emergency rockets and the like, which at regular 
10 intervals are exchanged and scrapped, a pressed motor charge of GUDN gives 
great advantages. In emergency rockets, use is in most cases made of propellant 
charges consisting of ammonium perchlorate and a polymeric binder, for instance, a 
phenol resin, which is cured to a cross-linked structure. The reliability of an emer- 
gency rocket decreases in course of time and the rocket must therefore be replaced 
15 at regular intervals. The motor absorbs, among other things, moisture since ammo- 
nium perchlorate is hygroscopic. Upon replacement, the old rocket is returned to the 
manufacturer and the rocket motor charge is destroyed (burnt). 

GUDN is non-hygroscopic and offers even in this respect an advantage relative to 
20 propellant charges containing ammonium perchlorate. GUDN has very low solubility 
in cold water and moderate solubility in hot water. A pressed charge consisting of 
GUDN as the main component can therefore be scrapped by being dissolved with 
hot water as solvent, and pure GUDN can be recrystallised from the aqueous 
solution and be reused. An environmentally acceptable scrapping of the rocket 
25 motor charge and reuse of the propellant can thus be achieved. 

Moreover, the compound is fully soluble in ADN and can be used as an additive to 
ADN in, for instance, rocket propellants for decreasing the burning exponent. 

30 Another very advantageous field of application for GUDN is the use as a gas-gen- 
erating compound in gas generators for vehicle safety equipment such as airbags 
and the like. In the same manner as for emergency rockets, the possibility of envi- 
ronmentally acceptable recovery of the gas-generating compound is essential to 
these gas generators. In gas generators for airbags and the like, use is today made 

35 of compositions containing azides, composite propellant, NC propellant and nitra- 
mine propellant, which all have advantages and disadvantages. Azides are noxious; 
composite propellant contains chlorine, which generates noxious combustion 
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gases, inter alia, dioxins and HCI; NC propellant causes problems with the long- 
term stability; nitramine propellant does not generate noxious gases but has a low 
burning rate and the combustion is difficult to catalyse. 

5 GUDN has all advantages and generates no noxious gases, has good stability and 
a burning rate which is comparable to NC propellant. 

The low solubility of the compound in water makes it easy to prepare by a precipi- 
tation reaction from an aqueous solution. An aqueous solution of a guanylurea salt, 
10 e.g. guanylurea sulphate, is reacted with a water-soluble dinitramide salt, thereby 
forming a precipitate of guanylurea dinitramide. 

Suitable guanylurea salts that can be used in the preparation are those that can be 
dissolved in water. A certain acidification of the water may be required to make the 
15 salt dissolve. 

Suitable dinitramide salts that can be used in the preparation are, for instance, 
ADN, KDN and other water-soluble dinitramide salts, which are selected in consid- 
eration of the condition that the positive ion should not form an additional precipitate 
20 which makes the extraction of the guanylurea dinitramide difficult. 

The invention will be described below by way of Examples. 

Example 1 . 

25 

Solution 1: 

3.2 g of guanylurea sulphate were dissolved in 15 ml of water after adjusting the pH 
to 5-7 by dripping diluted sulphuric acid into the water. A clear solution was 
obtained. 

30 

Solution 2: 

2.5 g of ADN were dissolved in 3 ml of water. 

Solution 1 was added to solution 2, thereby forming a precipitate. The precipitate 
35 was filtered off and washed with water. 3.4 g of guanylurea dinitramide were 
obtained as a fine white powder. 
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The powder was pressed to pellets and the burning properties were tested in a 
burning chamber (minibomb). A measured pressure/time curve from the combustion 
is shown in Fig. 1, and Fig. 2 shows the burning rate as a function of pressure. The 
burning rate was linearly dependent on the pressure and generally comparable to 
5 an NC propellant. 

Example 2. 

Solution 1: 

10 3.2 g of guanylurea sulphate were dissolved in 30 ml of water in the same way as in 
Example 1. 

Solution 2: 

2.5 g of ADN were dissolved in 30 ml of water. 

15 

Both solutions were heated to 40°C and mixed. The product crystallised slowly 
when cooling the mixture. The crystals were filtered off and washed with water. 
3.2 g of guanylurea dinitramide were obtained in the form of white crystals. In this 
case the crystals were considerably larger than in the product of Example 1. 

20 

In a manner corresponding to that described in Examples 1 and 2, the product can 
be prepared by using KDN or some other water-soluble dinitramide salt, it is also 
possible to prepare guanylurea dinitramide in direct connection with the preparation 
of the dinitramide salt. For instance WO 97/06099 discloses how dinitramide salt is 
25 prepared by neutralisation of dinitramide acid prepared by nitration. A guanylurea 
salt can be added directly to this mixture without first isolating the dinitramide salt. A 
certain coprecipitation of nitrates, however, may arise. 

Example 3. 

30 

A fine powder of GUDN was pressed to a charge with the dimensions 30 mm 
diameter and 2 mm height. The charge was extracted with boiling water in a Soxhlet 
extraction apparatus. The charge was completely dissolved and GUDN recrystal- 
lised in the flask. A new charge could be pressed from the recrystallised substance. 
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Claims: 

1. A compound suitable for use as an explosive, characterised in that it consists of 
5 guanylurea dinitramide having the formula 

NH O 

I S©e N °2 
H 2 N-C-NH-C~NH 3 N ^ 

10 " N N0 2 

2. An explosive, characterised in that it contains guanylurea dinitramide. 

3. A propellant, characterised in that it contains guanylurea dinitramide. 

15 

4. A pressed rocket motor charge, characterised in that it contains guanylurea 
dinitramide as the main component. 

5. Use of guanylurea dinitramide as a gas-generating compound in gas generators 
20 for vehicle safety equipment such as airbags. 
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